Abstract: We propose the lateral integration scheme of MEMS tunable VeSEL and slow light amplifier for increasing single-mode power. The modeling result shows the efficient excitation of slow light in the integrated amplifier. The coupling efficiency and the radiation angle from the amplifier are almost constant during wavelength tuning.
Introduction
A widely tunable vertical cavity surface emitting laser (VCSEL) [1] is a good candidate for use in optical coherence tomography (OCT) [2] . Since a VCSEL has a very short cavity, a slight change of a cavity length enables continuous and wide wavelength tuning. A challenge is to realize high power single-mode operation with wide tenability. We recently proposed and demonstrated the lateral integration of a VCSEL and slow light amplifier [3] . In this paper, we present the modeling of the lateral integration of a tunable MEMS VCSEL and slow light amplifier to boost a single-mode power.
Lateral Coupling Scheme
The proposed integration structure of MEMS VCSEL and slow light semiconductor optical amplifier (SOA) is shown in Fig.I . The tunable VCSEL structure is about the same as the MEMS VCSEL we reported [4] . The cavity consists of a bottom-OBR, a freely suspended top OBR, an active region and air-gap. The cavity length of the VCSEL is controlled by actuating the top mirror, which leads to change of the lasing wavelength of the VCSEL. The vertical radiation from the VCSEL is almost suppressed by a highly reflective top mirror whose reflectivity is nearly 100%. On the other hand, the lateral optical coupling takes place between the VCSEL and the slow light SOA through a narrow oxidized region (a few micrometers wide). Thus, a slow light propagation is directly excited from a VCSEL. The output can be taken from a slow light amplifier by decreasing its top-DBR reflectivity. The radiation loss can be compensated by adding gain in an active region to keep the intensity constant in the propagation direction.
By increasing the length of the slow light amplifier, we are able to increase the output power.
Modeling and Result
First, we carried out the modeling of a slow light SOA laterally coupled with a MEMS VCSEL. The calculation model is shown in Fig.2(a) . The layer structure is designed to have a cut-off wavelength of 980 nm (resonant wavelength for plane wave). The structure is same as our MEMS VCSEL [3] except for 3.5-pair OBR inserted between an active region and an oxidized layer © 2011 The Japan Society of Applied Physics to enhance the lateral coupling efficiency. Figure 2(b) shows the calculated intensity distribution using a film mode matching method. The lateral coupling can be clearly seen. Figure 3 shows the calculated lasing wavelength of a tunable VCSEL with different air gaps and the coupling efficiency to the slow light SOA using the following equations. A constant coupling efficiency of 40% can be obtained for wide wavelength tuning.
Next, we calculated the radiation field form the slow light SOA as shown in Fig.4 at different wavelengths.
The radiation angle is 6° and is unchanged for wavelength tuning. We are able to keep the radiation angle constant by changing the air gap of the slow light amplifier at the same time even under wide wavelength tuning. This is the different operation scheme of our beam steering device [5] . ;: 120 ,--/ --\t---j---t----t---t--
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